Possible conformations for a cyclic nonapeptide that are consistent with conformation-dependent information obtained from an NMR investigation of the peptide in solution are presented. These several conformations are deduced from the myriad of possible conformations by eliminating from consideration all cyclic species having one or more residues in a conformation that The conformational characteristics of polypeptides in solution and in the crystal have been successfully described by approximate intramolecular potential energy calculations (1-8).
The conformational characteristics of polypeptides in solution and in the crystal have been successfully described by approximate intramolecular potential energy calculations (1) (2) (3) (4) (5) (6) (7) (8) .
Residues separated by planar trans amide or imide bonds (1, 6) render the potential energy of rotations sp and ,/, E(sp,qt), about the N-Cc and Ca-C bonds (see Fig. 1 ) in a given residue independent of the corresponding rotations in neighboring residues. Consequently, the total conformational energy of a polypeptide may be estimated by summing the independent residue energies, which include (6) the intrinsic 3-fold torsional potentials about the N-Cc and Ca-C bonds, the nonbonded steric repulsions and London dispersion energies (6-12 potential) , and the nonbonded monopolemonopole electrostatic interactions.
If a Karplus-like relation (11) connecting the vicinal NMR coupling JNa and the dihedral angle so' between N-H and Cc-Ha in a peptide residue is averaged over all conformations found to be energetically favorable by the approximate energy calculations mentioned above, the correct vicinal coupling constants observed for random-coil polypeptides (9) and dipeptides (10) in solution are obtained. The agreement lends further support to these conformational energy estimates and indicates as valid the extension of a Karplus-like relation to the vicinal coupling between amide and a-protons in peptides. A combination of these two approximate theoretical tools may be useful in the conformational analysis of small proteins or polypeptides, such as the synthetic cyclic nonapeptide (12) considered in the present investigation and depicted schematically in Fig. 2 .
Briefly, the conformations of each residue are restricted by allowing only those values of the rotation angle* sp (rotation about the N-C" bond) that reproduce the measured coupling according to a Karplus-like relation (11) In each of the six sets, one of the above-mentioned pairs of residues is assigned so = 1000 (Qp' = 1400), while in the five remaining residues so = 900 (so' = 150) is adopted. Table 2 ). and (p = 900, are adoptedT 4'Phe, = 4Phe4 = kLeuw = Leuw = 00, 1200, 2400, 2700, 3000, and 3300; {hie, = IIle7 = 1200, 2700, 3000, and 3300; and oVral, = 2800, 3100, and 3400.
For each conformation, i.e., for each of the sets of nine pairs of rotation angles ( s and /1, the distance between the a-carbon atoms in Pro, and Pro2 in the corresponding linear nonapeptide terminated by prolyl residues is calculated. The method of transformation of virtual bond vectors (1) is employed in the distance calculations. If the distance between CaprOS and Capro, lies in the range 3.7-3.9 AO, then the conformation under consideration is assumed to be cyclic. § The intramolecular energy of a given cyclic conformation is evaluated by summing the individual residue energies obtained from their random-coil energy maps, (6) (7) (8) 19 ), which do not include energetic contributions made by intramolecular hydrogenbonds.
CALCULATED RESULTS AND DISCUSSION
Sixty-nine cyclic conformations were generated. Their intramolecular conformational energies range from 4.7 to 10.5 kcal/mol of nonapeptide, relative to the acyclic or linear conformation of minimum energy and exclusive of intramolecular hydrogen-bonding contributions. A space-filling model was constructed for each cyclic conformation in a search for possible intramolecular hydrogen-bonds.
Each of the cyclic conformations generated falls into one of two classes; those 17 conformations with {pro, = 3250 and those 52 with {1prO, = 1250. The steric barrier to rotation about the Ca-C bond between Q = 125°and 3250 in a trans L-proline residue, which is not succeeded by another trans i-proline residue, appears (8) to be substantial. Steric interactions of the N-H group of the succeeding residue with the carbonyl group of the preceding residue and with the A-CH2 group of the pyrrolidine ring constitute the major contributions to this high barrier. The magnitude of this barrier may make it unlikely that the two classes of conformations generated, which differ only in that {tpro, = 1250 or 3250, can interconvert to be in rapid equilibrium with each other. Since only one average conformation for each of the residues is de- (19) for lle6 and Ile7 between 0 = 2800 and 3400 is used for this residue. A similar reduction occurs in the energy maps for residues with R = CH2R' when they are followed by a prolyl residue (see Fig. 3 in ref. 8 ). § In polypeptides with the usual bond lengths and valence angles and all amide and imide bonds planar and trans, the distance between adjacent a-carbon atoms is invariant to conformation (1, 7) and equals 3.8 X.
tected (12) in the NMR spectrum of cyclolinopeptide A, 'pro, is probably either 1250 or 3250, and not a mixture in solution.
Space-filling models of the conformations generated with {Pros = 3250 show that the environments of the a-protons in both proline residues are very similar. The equivalence of the a-proton environments in both proline residues is a consequence of the fact that ((P41)Pro = 1020, 3100 and ((p, t')Pro. = 1220, 3250 in each of these conformations. However, in the models of those conformations with {'Pros = 1250, the environments of the a-protons in Pro, and Pro2 are dissimilar.
In Fig. 3 . None of the conformations generated with {Pro, = 1250 possess any intramolecular hydrogen bonds. Observation of the molecular models of conformations corresponding to class I (see Table  1 and Fig. 3 PACyclolinopeptide A Conformation should result in an increase in the fraction of conformations corresponding to classes II, III, and IV, at the expense of the class I conformations. Hence, a rise in temperature should increase the probability or number of conformations with (N-H)Ph63 buried, while decreasing the number or fraction of conformations with (N-H)Lu5 buried. This may explain the anomalous negative temperature-coefficient of the chemical shift observed (12) for the amide proton of the slowly-exchanging phenylalanine residue.
Based on the present comparison of predicted conformations with experimental (12) NMR observations, it appears that cyclolinopeptide A assumes at least four types of conformations in solution, none of which possess intramolecular hydrogen bonds. Thus, this cyclic nonapeptide is believed to exhibit considerable conformational flexibility when dissolved.
